This paper presents a discussion of the philosophy and practice of spccch quality testing using objective measures. The emphasis in the paper is on the problems of designing effective objective quality measures and the inherent limitations of such measures. Both traditional and recent techniques are discussed, along with the issues of implementation and evaluation. Experimental results on the carrelation between objective quality measures and subjective quality measures are also presented.
If an objective fidelity measure existed which was both highly correlated with the results of human preference tests and which was also compactly computable, then its utility would be undeniable. Clearly, it could be used instead of subjective quality measures for testing and optimizing speech coding systems. Such tests could be expected to be less expensive to adminster, to give more consistent results, and, in general, not to be subject to the human failings of administrator or subject.
Such an objective measure would also be very useful in the design of speech coding systems, either by iterative optimization of the parameters of the coding system by repeatedly applying the quality measure--a process which is extremely expensive using subjective tests--or, if the procedure were analytically tractable, by designing the speech coding system to explicitly maximize the quality of the system as defined by the objective quality measure. Finally, note that the results of the objective measure applied at different times and at different locations could be compared directly. This is clearly not generally the case for the results of subjective quality tests.
The problem is that an objective fidelity measure which is both highly correlated with subjective measures over all possible distortions, and which is compactly computable, does not exist. Although at this time the speech perception process is not well understood, it is well enough understood to state that the human speech perceiver is an active perceiver, responding to semantic, syntactic, and talker related information as well as phonetalc content, and that he uses his vast knowledge of the language interactively in the speech perception process. The acoustic correlates of the various hierarchically structured elements of the language in the speech signal are simultaneously overlapping and redundant. This means that certain very small distortions which are properly placed with respect to the syntactic structure or the semantic content could cause complete loss of intelligibility, while other more extensive dis- tortions might not even be perceivable. Hence, it can be argued that objective fidelity measures which do not use semantic, syntactic, and other language related information cannot correctly predict the quality of a speech coding system.
However, an important point concerning modern speech coding systems is that, in general, they do not produce distortions which are in any way synchronous with the semantic or syntactic content of the utterance. Hence, the distortions introduced by speech coding systems represent a subset of all possible distortions. It is our hypothesis that it is possible to design relatively compact objective measures which correlate well with subjective results over this subset of distortions introduced by speech coding systems. We recognize that these measures cannot be completely general since they do not reflect the complexities of the speech perception processing. In general, we are interested in designing a method for comparing the validity of objective quality measures in a cost effective way. In short, we have designed a system for measuring the quality of objective fidelity measure--i.e., a quality measure for quality measures. Once the distorted data base exists, all these sentences are tested using subjective speech quality tests. 
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This estimate, which incorporates variation in the observed subjective qualities as well as the correlation coefficient, is a more pleasing figure of merit.
II. RESULTS USING THE PAIRED ACCEPTABILITY RATING METHOD (PARM) SUBJECTIVE TEST
Over the past three years, we have done two studies of objective quality measures of the type described here. In the first, which was completed in June 1977, the subjective test was the Paired Acceptability Rating Method, called the PA RM, which was developed by Bill Voters at the Dynastat Corporation (Volers, 1976). This is an isomeric quality test--that is one in which subjects were asked otfiy to judge the overall acceptability of the systems being tested. The data base of distorted speech was made up exclusively of real coding systems which were tested by the Defense Department Speech Consortium under the auspices of the Defense Communication Agency. These tests were intended to compare real systems, and were not generated specifically to create a subjective data base for testing objective measures.
However, a broad class of coding systems were included in the study (see Table I ), including LPC vocoders, channel vocoder, various waveform coders, and many more. Hence, the results of the PARM studies formed a reasonable (and already existing) data base for studying objective measures.
In our PARM study, the emphais was on comparirfg a number of simple quality measures, and on quantifyip4• the effectiveness of these measures relative to one
another. Most of the distortions studied were spectral 
where G(m,n, O) is the LPC gain of the (re, n) frame in the original sentence set.
A first major result of this study was that the widely used signal-to-noise ratio did not prove to be a very good objecfive measure. The correlation coefficient, which was only estimated across waveform coders, was only 0.26, and the standard deviation of error, •, was 24.4 on a 100 point scale. A summary o,f some of the results of the PARM study are given in Table II . The best of all the simple measures tested was an energy weighted D 2 log spectral distance measure where the spectral envelopes used were derived by LPC spectral estimation techniques.
The technique of weighting the objective measure by a number related to the energy in the corresponding frame of the input sentence gave consistent, though modest, improvements in all measures tested. The best parametric measure, excluding the ceptral distance measure which is really a spectral distance measure, tested was pseudo-area function distance measures. A point here is that this measure is much less computationally intense than the spectral distance measures.
Finally, a best least squares composite measure was computed as a linear weighting of all the other measures where the weights were set to give a maximum correlation between subjective and objective results. This measure, which must be viewed as a limit for Since all the distortions were from real coding systems, generally there was a mixture of perceptually different distortions in all samples. Second, the isometric nature of the test did not allow any diagnostic information as to the nature of the perceived distortions.
The point here is that it is really too much to ask of the simple class of objective measures studied with the PAR1VI data that they should give good results over the many types of perceptually relevant distortions present in the coding systems. A more attractive approach is to try to design objective measures which correlate well with particular perceptually relevant distortions, and to This test is a parametric subjective test. In it, subjects are not only asked to judge three overall qualities of the system, but are also asked to rate ten signal qualities and seven background qualities. From these underlying results six system qualities, four background qualities, and three total qualities are derived. The final estimated parametric and isometric subjective measures are summarized in Table III . The parametric results from the DAM subjective test give the increased data necessary to predict the specific nature of a distortion as well as its overall perceived effect. 
